The aim of this study was to investigate the relationship between dietary intake and biomarkers of cardiovascular risk in individuals with and without angiographically defined coronary artery disease. SUBJECTS/METHODS: Coronary angiography was undertaken in 445 individuals who were divided into those with significant disease (450% occlusion) (Angio þ (n ¼ 273)) and those with o50% coronary artery occlusion (Angio À (n ¼ 172)). Apparently healthy, non-symptomatic individuals (n ¼ 443) were considered as the control group. Dietary intake was assessed using a 24-h dietary recall method and dietary analysis was performed using Diet Plan 6 software. RESULTS: Concentrations of starch, saturated fatty acids, polyunsaturated fatty acids, magnesium, iron and copper in the control group were less than those in the other groups (Po0.05), but after adjusting for total energy intake these differences were no longer apparent. The mean intake of protein, cholesterol, phosphorus, zinc, zinc/copper ratio, selenium, iodine, carotene, vitamin E, niacin, pantothene and pyridoxine was less in the control group compared with the other two groups (Po0.05), and the mean of sugar, fiber, transfatty acids, manganese, folate and vitamin C was higher in the control group than in other groups (Po0.05). Lipid profile values between the three groups did not differ significantly. CONCLUSIONS: These results indicate that the amount of intake of various nutrients can be considered as an independent risk factor for CAD. Further research on the relationship between CAD and nutrient intake, especially intake of essential micronutrients, is needed.
INTRODUCTION
Coronary artery disease (CAD) is the major cause of death, disability and financial burden in developed countries. 1 There is a very high prevalence of CAD in Iran compared with other parts of the world, [2] [3] [4] [5] and it has been found that a national program for reducing the risk factors for CAD is essential, based on lifestyle changes including diet. 5 Determination of the relationship between dietary habits and CAD requires a dietary assessment. Dietary assessment may include a Food Frequency Questionnaire and 24-h dietary recall, with the aim of investigating the role of diet in causing various diseases and improving them in order to prevent these diseases. 6, 7 Previous studies have investigated the relationship between diet and the risk for CAD, and the impact of changes in diet on the risk factors of this disease has shown that modification of diet restricts the progress and facilitates the regression of CAD and also modifies the risk factors. [8] [9] [10] However, previous studies have generally compared the effects of overall dietary patterns or change in one or more specific biomarker or nutritional parameters through diet. A more comprehensive approach that attempts to examine all nutritional parameters (macronutrients and their subgroups, minerals and vitamins) and determine the cardiovascular effects of various dietary patterns can provide more useful information about nutritional effects on CAD and its risk factors. [11] [12] [13] The aim of this study was to investigate the association between dietary micronutrients, macronutrients and biomarker risk factors for CAD, including lipid profile, and angiographically defined CAD.
MATERIALS AND METHODS Subjects
Individuals aged 20-80 years who had undergone coronary angiography were divided into two groups depending on the results of their angiogram: (1) those who were angiogram positive with 450% coronary artery stenosis (Angio þ (n ¼ 273, 172 men and 101 women) and (2) those who were angiogram negative (Angio À (n ¼ 172, 63 men and 109 women)). Patients were selected from those referred to the Catheterization section of Cardiology Department of Ghaem Hospital (Mashhad, Iran). Apparently healthy individuals (n ¼ 443) between 20 and 80 years of age, from the population of Mashhad, formed the control group.
All patients provided informed consent, and participation in the study was approved by the Ethics Committee of the Research Council of Mashhad University of Medical Sciences.
Demographic and health status assessment Information on demographic variables (age and gender) and health status (history of cardiovascular disease, hypertension, diabetes, dyslipidemia (total cholesterol 4200, triglycerides 4150, low-density lipoprotein cholesterol (LDL-C) 4130, high-density lipoprotein cholesterol (HDL-C) o40 (for men) and HDL-C o50 (for women)), 14 cerebral vascular accident, smoking, pregnant or lactating status and history of consumption of dietary supplements) was collected using a questionnaire.
Anthropometric assessment
Height (in cm), weight (in kg), body mass index (in kg/m 2 ), waist circumference (in cm), hip circumference (in cm), demispan (in cm), midarm circumference (in cm) and blood pressure (mm Hg) were measured in all subjects. Height, waist circumference, hip circumference, demispan and mid-arm circumference were measured to the nearest millimeter with a tape measure, and weight was measured to the nearest 0.1 kg with electronic scales. Blood pressure was measured by a qualified physician to the nearest millimeter of mercury, using a mercury standard sphygmomanometer, after the patient was asked to remain in the sitting position for at least 15 min.
Laboratory evaluation
Fasting blood sugar was measured using an autoanalyzer. Triglycerides were measured using the routine three-step enzymatic interaction procedure with Trinder end point and total cholesterol using the enzymatic Trinder method. Determination of the levels of HDL-C and LDL-C and study of complete blood count were carried out using the enzymatic method. 15 
Dietary assessment
Dietary intake was assessed by means of a questionnaire that was designed on the basis of a 24-h dietary recall; dietary analysis was performed using Diet Plan 6 software (Forestfield Software Ltd., Horsham, West Sussex, UK), which can analyze macro-and micronutrient intake. A trained interviewer performed face-to-face interviews, and individuals were asked about all foods and beverages that were consumed.
Statistical analysis
Data collected from subjects, including personal, demographic, anthropometric and laboratory specifications and angiographic results, were imported first into a software, which was designed on the basis of the questionnaire, and then into SPSS 11.5 software (SPSS Inc., Champaign, IL, USA), which is a statistical software. Information about nutritional intake was obtained from the 24-h dietary recall and imported into Diet plan 6 software; the final results were added to other data in the SPSS 11.5 software. The independent sample t-test, the Mann-Whitney test, one-way analysis of variance and the Tukey, Kruskal-Wallis and w
2 tests were used to analyze the data. Residual regression was used for adjusting of total energy and the multinominal regression was used for adjusting of other confounding variables. A P-value less than 0.05 was considered significant.
RESULTS
The descriptive statistics including the means and standard deviations of confounding variables and their P-values are presented in Table 1 . In the control group the incidence of hypertension, diabetes and smoking, the mean of waist circumference, demispan, fasting blood sugar, white blood cell and the mean corpuscular volume were significantly lower than those of the other two groups (Po0.001). Values of body mass index and mid-arm circumference in the control group were slightly lower than those of the Angio À group (Po0.037). Incidence of diabetes and levels of fasting blood sugar and white blood cell count in the Angio À group were less than those of the Angio þ group (Po0.001).
The lipid profile data values, the mean and standard deviations of macro-and micronutrients and their P-values are presented in Tables 2-4 . In this study, the mean total energy intake in the control group was less than that of the Angio À and Angio þ groups (Po0.001). The mean intakes of starch, saturated fatty acids, polyunsaturated fatty acids, magnesium, iron and copper in the control group were less than those of the Angio À and Angio þ groups (Po0.05); however, after adjusting for total energy intake, significant differences disappeared in all cases (P40.05). In the case of potassium, calcium, thiamine and riboflavin, unadjusted values were significantly lower in the control group compared with the other two groups; there was a decrease in differences after adjusting for energy intake, but no change in significant difference among groups (Po0.05). , and so on). P1: from comparison of control group with Angio À group. P2: from comparison of control group with Angio þ group. P3: from comparison of Angio À group with Angio þ group.
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The mean levels of protein, cholesterol, phosphorus, zinc, zinc/ copper ratio, selenium, iodine, carotene, vitamin E, niacin, pantothene and pyridoxine before and after adjustment in the control group were less than those of the Angio À and Angio þ groups (Po0.05), and the mean levels of sugar, fiber, transfatty acids,AQ manganese, folate and vitamin C both before and after adjustment in the control group were higher than those of the Angio À and Angio þ groups (Po0.05). The only differences between the Angio À and Angio þ group lay in the higher levels of monounsaturated fatty acids seen in men and in the total population in the Angio À group in comparison with the Angio þ group (Po0.05) and in the lower levels of iodine in women in the Angio À group in comparison with women of the Angio þ group (P ¼ 0.014). With respect to lipid profile values, the levels of total cholesterol, LDL, HDL and triglycerides were significantly different among the three groups (Po0.001).
According to Tables 5 and 6 , there was no significant difference among the three groups with respect to high fat intake in the 24-h recall assessment and with respect to the incidence of dyslipidemia on blood sampling on the day of study between statin users and nonusers (P40.05).
DISCUSSION
Total cholesterol, LDL, HDL and triglycerides were significantly different among the three groups. In previous studies, lipid profile values, especially low levels of HDL-C and high levels of cholesterol and LDL-C, were the strongest risk factors for CAD. 16, 17 In addition, we found that a high fat diet was not necessarily correlative with dyslipidemia. Ku et al in 1998 found no link between dietary fat and serum lipids. 18 The mean total energy intake in the control group was less than that in the other two groups. In previous research, especially as per the recommendation of the American Heart Association, avoiding excess energy needed to control weight is determined as one of the most important factors in the prevention of CAD. 19 Although here we do not have a pure case-control study, we found an association between excess energy intake and CAD.
The mean dietary protein intake in the control group was less than that in the other two groups. High levels of consumption of animal protein have been shown to increase the risk for heart disease. It is also reported that the total protein and animal protein intake is associated with increased weight gain, whereas a similar significant association between vegetable protein intake and weight gain has not been observed. 20, 21 In this study, nutrient intake (total protein) was calculated on the basis of total protein intake.
We found that the adjusted mean of carbohydrate intake in the control group was higher than that in the Angio À and Angio þ groups. In addition, the mean concentration of starch was also less than that of the Angio À and Angio þ groups, but after adjusting for total energy intake significant differences disappeared. Dietary intake of patients with angiographically defined CAD R Nazeminezhad et al
Results of studies on high-carbohydrate diets vary, and many scientists believe the differences are due to the various types and sources of carbohydrates consumed. 6 Some studies have emphasized on the beneficial effects of high-carbohydrate and high-starch diets, whereas others have noted the detrimental effects of these on the lipid profile. 22, 23 The mean concentration of sugar and fiber with Table 4 . Comparison of the dietary intake of micronutrients between the study subjects and without adjustment in the control group was higher than that of the Angio À and Angio þ groups. According to previous studies, the findings on the level of fiber intake were predictable. [24] [25] [26] Unadjusted values of total fat, saturated fatty acids and polyunsaturated fatty acids and both adjusted and adjusted values of cholesterol in the control group were less than those of the Angio À and Angio þ groups. These findings are consistent with previous studies that have shown the harmful effects of cholesterol, saturated fatty acids and total fat. [27] [28] [29] Previous studies have shown that high intake of transfatty acids increases the risk for CAD, and the contrasting results in this study can be the result of subjects being aware of the effect of diet modification on their disease. 30 In this study, we used 24-h dietary assessment, but some authors believe that a 3-day dietary assessment may be better for assessment of human nutrition. In contrast, total calorie adjustment may not be appropriate for some micronutrients, which is one of the limitations of this study. Some other limitation is Cutoff point of 50% of stenosis in the patients with CAD in angiography procedure while those with 2-3% stenosis o50% are in Group Angio À while they will be Angio þ in over the next few years.
CONCLUSION
These results indicate that the amount of intake of various nutrients can be considered an independent risk factor for CAD. Contrary results or lack of differences in intake of some nutrients can also exist, as subjects were aware of the results of diet modification on their disease. According to these findings, further research on the relationship between CAD and nutrient intake, especially intake of essential micronutrients, is needed.
